The global human immunodeficiency virus (HIV)/AIDS epidemic marches on, with an estimated 5 million new infections occurring in 2003 (25) . Demand for an effective HIV-1 vaccine remains unanswered, and there remains a lack of consensus on which immune responses a successful vaccine should induce (6) . Enthusiasm for the potential of inducing neutralizing antibodies as an effective vaccine strategy waned early during the epidemic when it became clear that the neutralization profiles of field isolates were markedly different from laboratoryadapted strains (14, 21) . Coupled with the observed relationship between host cell-mediated immune responses and plasma viremia in vivo (19) , the vaccine effort swung toward the design of immunogens such as DNA and recombinant viral vectors, theoretically capable of stimulating cell-mediated responses (24, 26) . More recently however, it is clear that in the simian immunodeficiency virus model, these immunogens may at best alter early events and clinical course but may not provide adequate protection from clinically significant infection (16, 17) . Thus, interest in immunogens capable of inducing neutralizing antibodies has once again emerged.
Our initial interest in studying neutralizing antibodies was mainly therapeutic and stimulated by passive immunotherapy studies in which HIV-1 or simian immunodeficiency virus infection could be prevented or the clinical course ameliorated (5, 7-9, 13, 15) . The identification and availability of broadly reactive human monoclonal antibodies (MAbs) offer a novel therapeutic modality, perhaps as a potential adjunct to highly active antiretroviral therapy. We have previously hypothesized that subjects identified during acute and early infection and treated promptly and aggressively with highly active antiretroviral therapy would have minimal residual viral burdens after 2 to 3 years of therapy, a viral burden that may be amenable to control with adjunctive therapies that may assist the host in immunologically controlling the infection if treatment is interrupted or discontinued (12) .
Three neutralizing MAbs, 2G12, 2F5, and 4E10, have been produced commercially and are available for experimental use both prophylactically (5, 7, 9, 13, 15) and therapeutically (1, 22) . 2G12 recognizes a cluster of carbohydrate residues on gp120. This is an unusual antibody with a unique structure capable of binding to clusters of oligomannose-type sugars and interfering with viral binding and entry (3) . There are two additional MAbs, 2F5 and 4E10, that recognize adjacent but distinct epitopes on the membrane-proximal region of the gp41 ectodomain and probably act by inhibiting the fusion process. The antibody 2F5 binds to the ELDKWA motif on the ectodomain of gp41 (18) , whereas 4E10 likely recognizes an ordered helical peptide structure in gp41 created in part by the epitope NWFDIT slightly upstream from the 2F5 binding site (4, 23, 27) .
As a prelude to recruiting patients for a phase I trial of these MAbs, we examined the neutralization profiles of newly transmitted viruses to 2G12, 2F5, and 4E10 and compared this to the profiles of NL4-3, an X-4-tropic laboratory-adapted strain of HIV-1, and JRCSF, an R5-tropic strain of HIV-1. Plasma from 91 newly infected subjects (Table 1) , defined by the presence of HIV-1 viremia with either a negative or indeterminate The approximate date of infection was calculated as 2 weeks prior to the onset of acute retroviral illness (93%). In cases where no acute retroviral illness symptoms were experienced, the midpoint between the last negative antibody result and first positive Western blot result was determined. serology or a negative detuned enzyme-linked immunosorbent assay (10), was chosen for susceptibility testing.
A previously described recombinant viral assay was used to measure virus-antibody neutralization (20) . In brief, nucleic acid derived from HIV-positive plasma was amplified by reverse transcription-PCR and incorporated into an expression vector (pCXAS) by conventional cloning methods. Recombinant HIV-1 stocks expressing patient virus envelope proteins were prepared by cotransfecting HEK293 cells with a replication-defective, luciferase expression cassette containing HIV-1 genomic viral vector and an appropriate envelope expression vector. Pseudotyped recombinant viruses were harvested 48 h posttransfection and incubated for 1 h at 37°C with serial fourfold dilutions of the three MAbs and plasma controls. U87 cells that express CD4, CCR5, and CXCR4 were inoculated with virus-antibody dilutions. Luciferase activity determined 72 h postinoculation was used as the indicator of infectivity. Neutralizing activity was displayed as the percent inhibition of luciferase production at each antibody concentration compared to that of an antibody-negative control. The 50% inhibitory concentration (IC 50 ) is defined as the concentration of MAb required to inhibit virus infectivity by 50%. For the purposes of this study, viruses were classified as susceptible to neutralization if the IC 50 for a particular antibody was Յ50 g/ml.
All 91 viruses tested were neutralized by 4E10, whereas 74 of 91 (81%) were susceptible to neutralization to 2F5. In contrast, only 38 of 91 (38%) of the transmitted isolates were susceptible to neutralization by 2G12 (Table 2) . Thirty-three of 91 subjects (36%) harbored transmitted virus susceptible to neutralization by all three MAbs, and 78 of 91 (86%) isolates were susceptible to at least two MAbs.
The range of susceptibilities was quite broad, although in general if susceptible, IC 50 s were below 10 g/ml (Fig. 1) . Mean IC 50 s of 2F5, 2G12, and 4E10 for susceptible isolates were 7.64, 12.17, and 9.74 g/ml, respectively. Susceptibility to neutralization by 4E10 and 2F5 was highly correlated (R ϭ 0.667, P Ͻ 0.0001), whereas susceptibility to 2G12 did not predict susceptibility to the other two MAbs. Both NL4-3 and JRCSF were on average more susceptible to neutralization by all three MAbs, although both were markedly more susceptible to the effect of 2G12 when compared to the 91 transmitted isolates. It is worth noting that the median values for susceptibility of the 91 isolates to 2F5 and 4E10 were 5.45 and 6.53 g/ml, respectively, and were quite comparable to the IC 50 s observed for both NL4-3 and JRCSF (Table 2) . We could not demonstrate a relationship between the duration of infection, CD4 cell count, or HIV-1 RNA levels and degree of susceptibility to neutralization.
These findings have important implications for vaccine development. We have found that essentially all newly acquired isolates screened for susceptibility to three available MAbs were susceptible to neutralization by 4E10. These data are in agreement with data cited by Binley and Burton in a recent editorial (2) . Importantly, all 91 viruses tested here were recently transmitted, in the range of weeks to months. It is critical to note that all isolates are clade B and 98% were transmitted to men having sex with men. This would imply that the identification of an immunogen capable of eliciting a 4E10-like antibody response in vivo could well provide an effective vaccine strategy for HIV-1 prophylaxis. This said, it must be emphasized that the viruses studied were not necessarily identical to the viruses transmitted as infection had been established weeks to months prior to presentation and the in vivo generation time of HIV-1 of 2 days (11) would allow for some degree of viral diversity. The relatively low number of newly transmitted viruses susceptible to 2G12 was somewhat unexpected and differs from a previous report in which 22 of 30 (73%) of clade B isolates were susceptible to neutralization by 2G12 (2). Barring confounding factors, such as assay differences and variation in lots of MAbs, an explanation for this observation is that the isolates tested here were newly transmitted and may be less susceptible to neutralization by 2G12. That the duration of infection did not positively correlate with 2G12 susceptibility argues against this explanation. This said, studies are currently under way to better understand the correlation of envelope structure and 2G12 susceptibility.
We believe that these data should be interpreted cautiously. It is not clear that the definition of susceptibility (that is an IC 50 of Յ50 g/ml) is clinically relevant. Ideally one would want to achieve ICs in the 99% range, and the susceptibility curves suggest that these antibody concentrations are substantially higher than the IC 50 s determined (Fig. 2) . Furthermore, given the nature of HIV-1 transmission and dissemination, concentrations of neutralizing antibodies in plasma may not necessarily be predictive of such at mucosal surfaces or in tissue compartments. Nevertheless, we believe our unique data set supports the renewed interest in the design of immunogens with the potential to induce neutralizing antibodies, and the design of those with 4E10-like induction capacity should assume the highest priority. .49 g/ml) and 4E10 (IC 50 , 5.88 g/ml) but not to 2G12 (IC 50 , Ͼ50 g/ml). (C) Susceptibility to 4E10 is preserved (IC 50 , 8.87 g/ml) in the face of resistance to both 2G12 (IC 50 , Ͼ50 g/ml) and 2F5 (IC 50 , Ͼ50 g/ml). 
